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Abstract 
Advising plays a central role in technology-enhanced learning (TEL). Based on a diagnosis of the activity of a learner and on 
relevant knowledge of this learner, an advisor system compiles and delivers some useful advices or explanations. Since 1994, we 
have been working on advisor systems. This paper presents the latest work on a multi-agent system that gives advice on tasks and 
resources based on competency-driven user models and on ontology-based multi-actor learnflows.  
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1. Introduction 
Advising plays a central role in the area of TEL. There has been a lot of work in this area since the work of 
Wenger [1] on Intelligent Tutoring Systems and Winkels [2] on help systems. A research program has been 
conducted on advisor systems at our research center since 1994 [3] [4] [5] [6]. 
Since the beginning of our work on assistance systems, learning systems have evolved, from single-user 
sequential scenarios to multi-actors learn-flows. The resources and activities are currently being annotated with 
semantic references and the user model focuses more on the user cognitive state than on interface issues. To deal 
with these opportunities and requirements, we developed TELOS, a distributed, ontology-based generator of multi-
actor environments  [7], [8], [9].  
In this paper we present our most recent work on advisor systems for TELOS environments. In section 2, we 
summarize the framework of our work. In section 3, we present the advisor system and in section 4 we develop an 
example. We finish with an overview of the work in progress. 
2. The Framework of the Advisor System 
Our recent work on advisor systems is based on the semantic annotation of the different learning elements. 
Section 2.1 presents the concept of competency that we will use for this annotation and section 2.2 the competency 
oriented learner model. Section 2.3 explains the TELOS system and the semantic annotation of its elements.  
2.1. Semantic Annotation Through Competencies 
In the last decades, the TEL research community has been fruitful in proposing ways to annotate learning 
resources. Norms such as LOM are being used to annotate and reuse learning objects. We extended this mode of 
referencing to include not only learning resources but also scenarios and activities [10]. More recent work has been 
focused on semantically annotating those resources with ontologies [11], [12]. Although rich, this semantic 
annotation is not enough to support personalization and recommendation. Indeed, to state that a person has to 
“know” something, or has to have some particular “knowledge” is an ambiguous, non evaluable, statement.  
Competencies enrich this statement by specifying what this person is able to do with this knowledge. We have 
proposed [13] a formal definition of competency: a competency is a relationship between a knowledge element and 
a mastery level described in terms of a generic skill and a performance context. Knowledge can be a concept, a 
procedure, a principle or a fact; we represent the knowledge of a domain in the form of an ontology. The knowledge 
related to a competency is thus a particular entry in this ontology. Skills represent generic abilities  such as 
memorizing, applying rules or solving problems, that can be applied to knowledge in a specific context. The 
performance contexts include criteria such as time, accuracy, working with or without help, etc. [14]. 
2.2.  Competency and Portfolio-oriented User Model 
The learner model is a representation of pertinent learner information. The pertinence of the information depends 
on   the intended goals of the assistance system. Intelligent tutoring systems use the learner model to diagnose the 
user appropriation of the ITS domain, as well a knowledge gaps and misconceptions [15]. Learner models for 
adaptive hypermedia are used to adapt either the presentation or the navigation support and include domain specific 
knowledge but also goals and preferences [16]. While these two cases propose a partial and temporary description of 
the learner, intended for a delimited use in a particular application, e-portfolios focus on lifelong learner 
information. Their main components are productions [9].   
The learner model, that we developed, integrates elements from all those approaches: it contains competencies, 
affective and collaborative profiles and productions. The model is persistent and evolving and it is composed of a 
consensual model and of multiple viewpoints to reflect the different representations that teachers, pairs, learning 
systems and the learner himself may have from his achievements [ibid]. The advisor system takes into account only 
the consensual model and only its competency part, composed of the competencies acquired by the learner in his/her 
life, his/her productions and the context of acquisition of a competency (date, evaluator, production used as 
evidence, learning context, etc.   
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When connected to a particular learning environment, the model is enriched with a dynamic part, which includes 
information of the learner progress in the actual scenario, such as the number of times the explorer entered one 
activity or used a resource. 
2.3. Learning Scenarios and their Semantic Annotation 
The advisor system is intended to advise learners interacting with a learning scenario built with our TEle-
Learning Operating System, TELOS [7], [8]. TELOS is a service-oriented, ontology-driven system that helps build 
environments for learning, work or knowledge management. Its basic principle is the aggregation of resources into 
visual activity scenarios. In TELOS, the task model (or the scenario) may model multi-actor processes. The main 
scenario components are decomposable tasks, called functions, or final tasks called activities or multi-activities 
(activities repeated by members of a group). Tasks are executed by human individuals or groups, or by software 
actors. Every element of a TELOS scenario, actors, functions, activities, input and outcome resources, can be 
semantically referenced either by ontology elements or by competencies related to ontology elements that represent 
some domain knowledge. Resources and activities can be referenced by two groups of competencies: the 
prerequisite competencies and the target ones.   
3. TELOS Multi-agents Advisor System 
The assistance system is a multi-agent system. Each agent, called local advisor agent, is in charge of advising the 
learner on one particular task. Agents are organized in a tree topology: advisor agents related to a function are aware 
of events regarding agents related to sub-functions or activities within the function. Agents are inserted graphically 
in the scenario by linking them to the advised task.  
Each advisor is defined by one or more assistance rules, composed of four elements: an advised actor, an event, a 
condition and an action parts. Advisor agents react to three kinds of events: activity state transition events such as 
activated, entered, running, completed, etc; resource related events such as resource-opened or outcome_produced 
and time events like time_passed_in_activity or global_time_passed. The condition of a rule is a boolean expression 
composed of predicates and operators. A predicate can compare attributes of the user’s model to constant values, to 
calculated values, to properties of the activity (like time proposed) or of the activity resources (such as their 
competencies). Finally, a rule has an action part. When conditions are met, the action part of the rule can provide 
messages to the learner, modify his/her model or notify other actors. Any event can be trapped by the local agent or 
by any agent connected at a higher level. 
An agent is activated when the task, it is linked to, is activated by the advised actor and the agent remains active 
until it is completed or cancelled.  When activated, the agent traces any event coming form the host system and 
checks rules that have their condition satisfied. Satisfied rules are executed in sequential order and rules from a 
lower agent are executed prior to higher agent rules. When the task is cancelled or completed, the associated advisor 
agent executes the rules related to the completion or cancelation event and is destroyed. When a function is 
completed or cancelled, all sub-functions and activities within the function, that are running, are completed or 
cancelled and the agents associated to these sub-activities are also destroyed.   
4. Example of a TELOS learning scenario supported by advisors 
The TELOS system includes a visual scenario editor to describe the scenario elements: process elements 
(activities, functions, conditions, transitions), data elements (input resources and outcomes) and actors (human and 
software agents including advisor agents).  Figures 1 and 2 show part of a course on software engineering described 
with this editor. A book (UML reference), a software tool (Rose UML modeler), the specification of the project to 
be developed and the learner actor are connected at this upper level to indicate that they participate in all the 
activities below this main task. To integrate the advice, a global advisor is also connected at this level as well as the 
learner model.  
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Fig. 1: TELOS learning scenario supported by advisors: uppermost model   
 
 
Fig. 2: TELOS learning scenario supported by advisors: lower model 
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Figure 2 shows that this course is decomposed into four sequential activities and one additional initially hidden 
activity (O.O. programming). Three advisors are directly connected to some of those activities. 
Advisor 1 represents an Advise for personalization: Before starting the training, the advisor agent checks if the 
learner has the prerequisite competencies. If not, it will advise him/her to do a preliminary activity (OO 
programming) to catch up on the missing competencies. 
Advisor 2 represents a Recommendation to improve the learner model:  after finishing an activity having an 
outcome and explicit target competencies, the advisor suggests adding this information to the learner model.  
Advisor 3 exemplifies an Advise on resources. If after a pre-established time, the learner hasn’t opened any of the 
optional resources, the advisor system proposes him to use the resource having the lowest prerequisite competency 
(UML for dummies). 
Finally, the global advisor’s rules identify global situations. For example, if the learner spends too much time in 
the first two modules, which might hinder him from finishing the course on time, the global advisor will send a 
notification to the student and to his tutor. 
5. Further work 
The current TELOS advisor system gives advice on two types of learner information: his interaction with the 
learning scenario and his competency model. In future developments the affective and collaborative profile will be 
included, as well as the multiple viewpoints. On the other hand, our team is developing tools to facilitate the 
semantic annotation of learning objects and scenarios so as to provide relevant information to advisor systems.  
Evaluation will be needed to determine pertinent meta-rules to be added to advisor agents to prevent eventual 
conflicts. 
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